Thirty-two pigs (average 26.6 kg tive weight) were individually housed and fed to study the effect of an infection of Ascaris suum (either 0, 600, 6,000 or 60,000 A. suum eggs/pig) on performance of growing-finishing pigs. Increasing the level of A. suum infection produced linear (P<.07) and quadratic (P<.09) effects on final weight, weight gain and average daily gain. Feed to gain ratio and number of A. suum worms recovered from the intestines of pigs at slaughter increased linearly (P<.01) with increasing doses of A. suum eggs. Pigs receiving 60,000 A. suum eggs were 13% less (P<.01) efficient than the noninfected controls. In each of two trials, eight crossbred barrows (15.7 kg in trial 1 and 16.1 kg body weight in trial 2) were examined for the effects of two levels of A. suum infection (0 and 20,000 eggs/pig) on digestibility coefficients for dry matter, crude protein and gross energy. The infection did not affect (P>.05) digestibility coefficients during the first two collection periods (d 6 through 10 and 19 through 23). However, digestion coefficients for dry matter, crude protein and gross energy obtained from the total collection period on d 33 through 37 postinfection were greater (P<.01) for control pigs than for pigs given 20,000 A. suum eggs each. Also, N retention was greater (P<.05) for control pigs than for infected pigs.
given 20,000 A. suum eggs each. Also, N retention was greater (P<.05) for control pigs than for infected pigs. (Key Words: Ascaris Suum, Digestion, Internal Parasites, Performance, Pigs.)
I ntroduction
Ascaris suum, the large roundworm, is the largest and one of the most common of the nematode parasites of pigs. Infections of this parasite cost swine producers millions of dollars each year due to mortality and morbidity losses among parasitized swine (USDA, 1965) . Most anthelmintics in the past have been developed for or have also been effective against A. suum in swine; however, this parasite continues to be a major source of loss to pork producers. Results of a current swine slaughter check program involving two market hogs each from 137 different swine farms in Georgia revealed that 41% of the livers were condemned due to parasite damage (Powell, 1984) . It has been noted that 65% of the feeder pigs coming from Arkansas, Kentucky, Missouri and Tennessee are infected with A. suum (Bennet and Copeman, 1970) .
Results of earlier studies by Spindler (1947) showed that experimental infections of A. suum in pigs reduced body weight gains in an inverse relationship to the number of worms in the intestine. Forsum et al. (1981) also noted a reduction in weight gain of A. suum-infected pigs while Stephenson et al. (1980) observed a decrease in feed efficiency in pigs heavily infected with this parasite. Nematode parasites living in the digestive tract of animals should have a deleterious effect on performance of the host either direcdy by reduced weight gains or indirectly by reduced feed efficiencies, or both. This study was conducted to determine the effect of different levels of experimental infections of A. suum on performance of growing-220 JOURNAL OF ANIMAL SCIENCE, Vol. 60, No. 1, 1985 All pigs were farrowed in an environmentally controlled unit with aluminum-slatted floors. However, the system did not preclude infection of pigs with A. suum. The intensity of parasite infection in this herd has been low and pigs have not shown signs of clinical or subclinical parasitism. All pigs were negative for ascarid eggs in the feces at the time the experiment was initiated, but they were assumed to carry some juvenile ascarids. Thus, each pig was given 2.25 g dichlorovos in .46 kg feed 7 d before the experiment was initiated.
Terminal portions of the uteri were dissected from adult female A. suum and minced in tap water to release the eggs. Large tissue particles were removed with forceps and the suspension was cleaned by two centrifugations at 2,000 • g for 5 min. The eggs were resuspended in 2% formalin and incubated in shallow dishes with occasional agitation for at least 30 d at room temperature (25 C). Embryonation of the eggs was monitored with a compound microscope to determine viability and embryonation. Live embryonated eggs were counted under a microscope after serial dilution of the suspension and an appropriate volume containing the calculated dosage of eggs was given orally to each pig. Dosages were divided into three equal amounts of eggs and a dose was given to pigs on d 0, 2 and 4 of the experiment.
Pigs were restrained with their mouths held open and the appropriate dose of larvae in a plastic tube was poured slowly into the open mouth. The tube was then rinsed with several milliliters of water, which were also given by mouth to each pig. The animals were removed from the experiment after 91 d and slaughtered at a local meat processing plant. Pigs were stunned with a captive-bolt pistol, bled and eviscerated. Intestines were removed, opened, and contents washed over screens. The worms were picked out of the material left on the screen and counted.
Data were analyzed by least-squares analysis of variance (SAS, 1982) . The statistical model used included level of infection and sex, plus initial body weight as a covariate term. Regression analyses to evaluate linear and quadratic effects of infection level were also performed by using the same statistical package.
Exp. 2, Digestion and N Balance Trials.
In each of two trials, eight crossbred barrows (average 15.7 kg body weight in trial 1 and 16.1 kg in trial 2) were examined for the effect of an experimental infection of A. suum (20,000 eggs/pig) on digestion and absorption of nutrients and on N metabolism. The pigs were given the entire dose of worm eggs at one time and control and infected pigs were transferred to individual metal cages for collection and separation of feces and urine. For each trial, collection periods were conducted on (1) d 6 through 10, (2) d 19 through 23 and (3) d 33 through 37 postinfection. The collection periods were chosen to coincide with (1) migration of third stage larvae from liver to lungs, penetration through the alveolar walls into the bronchioles and molting of the third stage larvae to fourth stage in the intestine, (2) development of the fourth stage larvae and molting into young adult and (3) the maturing adult, respectively.
Pigs were given 1.04, 1.14 and 1.25 kg feed (dry basis) daily during collection period 1 through 3, respectively. Feed was placed in small self-feeders and any feed wasted or remaining in the self-feeders was recorded daily and subtracted from the total amount supplied.
Total fecal output was collected daily during each 5-d collection period, frozen and later thawed and composited for analysis. The urine was collected in plastic pans containing 25 ml of 50% concentrated sulfuric acid plus 200 ml of water. The daily collection of acidified urine was diluted to constant volume, sampled and composited in containers maintained under refrigeration and then frozen until analyzed.
Proximate analyses of diets and feces and N content of diets, feces and urine were performed by the same methods used for the diet in Exp. 1. The data were analyzed for statistical significances by least-squares analysis of variance (SAS, 1982) . If the F-test was significant for main effects, then differences among means were evaluated by Duncan's (1955) multiple range test.
Results and Discussion
Exp. 1, Growing-Finishing Trial. Adjusted least-squares means for performance by pigs not infected and by those experimentally infected Increasing the number of A. suum eggs given to pigs produced a linear (P<.07) and a quadratic (P<.09) effect on final weight, and average daily gain. Pigs in Group 1 (not infected) gained weight 10% faster than pigs in Group 4 (60,000 eggs/pig). Although the decrease in body weight gains that we obtained due to increasing increments of A. suum eggs were not statistically significant, the observed trend agrees with results of Spindler (1947) and Forsum et al. (1981) , who reported a reduction in growth rate of pigs positively correlated with the number of adult A. suum harbored. Andersen et al. (1973) were able to get larval development to adults in significant numbers only with dosage rates of 500 eggs or less. Our results are similar to those of Galvin (1968) , who produced substantial populations of adults with dosage rates of up to 5,000 eggs. Although the latter author generally showed incremental increases in numbers of worms with doses of 100, 500, 1,000 and 5,000 eggs, the means were not significantly different (38, 69, 92,146, respectively) . Andersen et al. (1973) also observed that the smaller the dose of A. suum eggs, the higher percentage of the eggs that will result in adult A. suum in the intestines.
A highly significant linear effect was obtained on feed efficiency because feed to gain ratios increased with each incremental increase in A. suum eggs. Pigs in Group 1 (not infected) were 5% more efficient than those pigs in Group 2 (600 eggs/pig). Pigs in Group 2 were 2% more efficient than pigs in Group 3 (6,000 eggs/pig), which were 7% more efficient than pigs in Group 4 (60,000 eggs/pig). Pigs in Group 1 were 13% more efficient than those in Group 4.
Increasing doses of A. suum eggs failed to influence (P>.05) feed intakes. Our results do not agree with those of Forsum et al. (1981) , who found that A. stium infections depressed feed intake of protein-deficient pigs. Previous studies at this Station (Hale et al., 1970) have shown that nematode parasites did depress feed intake, while others (Stewart et al., 1969; Hale and Stewart, 1979) failed to show a significant effect on feed intake. One experiment with pigs infected with Oesophagostomum larvae failed to demonstrate a decrease in feed intake, while a second experiment with higher doses of Oesophagostomum larvae decreased feed intakes (Hale et al., 1981) . Protein and calculated lysine contents of 15.1 and .71%, respectively, for the diets in this study met the requirements of the pigs initially and exceeded requirements during the finishing phase (NRC, 1979) . Thus it appears that both a diet that meets the pigs' nutrient requirements and degree of nematode parasite infection can influence feed intake of parasitized pigs.
Exp. 2, Digestion and N Metabolism Trials. Digestion coefficients for dry matter, crude protein, gross energy and N intake, excretion and retention for pigs not infected and for those experimentally infected with A. suum are shown in table 3. Digestion coefficients for dry matter, crude protein and gross energy were similar (P>.05) for pigs not infected and those given 20,000 A. suum eggs/pig for period 1 (d 6 through 10 postinfection) and period 2 (d 19 through 23 postinfection). However, during period 3 (d 33 through 37 postinfection), pigs not infected had higher (P<.01) digestion coefficients for dry matter, crude protein and gross energy than did infected pigs. Thus, it appeared that the level of infection had no effect on digestion and absorption of nutrients when the A. suum larvae were in the lungs (period 1) or when they first reached the small intestines (period 2). However, as the A. suum approached maturity (period 3), they had a significant effect on digestion and absorption. This may have been due to interference of nutrient absorption or increased motility of the small intestines, which could have increased passage of food through the intestines. The experimentally infected pigs tended to have some diarrhea because the moisture content of their feces was about 3% higher than that of control pigs.
It has been assumed, largely based on Spindler's (1947) experimental infections over 25 d with a total of 216,000 A. suum eggs, that the period of larval migration through the liver and lungs was the phase of infection that severely affected the growth of pigs. The periods of parasite growth in the intestine and the adult egg-laying periods had relative little or no effect on pig performance. However, Stephenson et al. (1980) infected pigs with fourth stage larvae taken at 15 d from rabbit intestines and showed that adult worms depressed growth rate of pigs that have not been subjected to larval migration. Our data generated from pigs experimentally infected with only 20,000 A. suum indicate e'fMeans in each column with different superscripts differ (P<.05).
that migration had no effect, but the adult worms did have an effect on digestion coefficients. It also has been shown recently that adult A. suum tend to decrease the levels of tissue copper in liver, kidney and lungs of pigs. The decrease was associated with the presence of adult worms in the intestine at necropsy and was not related to larval migration (L. L. Southern and T. B. Stewart, unpublished data). Nitrogen intake, excretion in urine and feces and retention were similar (P>.05) for pigs not infected and those experimentally infected during total collection periods 1 and 2. However, for period 3, control pigs retained more (P<.05) N than did infected pigs. These results agree with those of Forsum et al. (1981) , who found that N retention was reduced in pigs infected with mature A. suum.
The results of this study indicate that growing-finishing pigs self-fed diets formulated to satisfy their nutrient requirements (NRC, 1979) and housed in concrete-floored pens that were washed daily (except on Sunday), showed only minor reductions in performance when given a large dose of A. suum eggs. In such pigs, the adverse effects of the hepatic and pulmonary stages of ascaris infection were not detectable. However, adverse effects on digestion and absorption of nutrients were produced by A. suum when they reached maturity. Thus, proper timing of anthelmintic treatment before maturation of the ascaris could be expected to produce a detectable improvement in pig performance.
